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We, Imperial Chemical Industries 
LiMmsD, of Imperial Chemical House, Mill- 
bank, London, S.W.I, a British Company, 
do hereby declare the invention, for which 
we pray that a patent may be granted to us, 
and the method by which it is to be per- 
formed, to be particularly described in and 
by the following statement : — 

The present invention relates to the manu- 
facture of organic isocyanates. 

According to the present invention we pro- 
vide a process for the manufacture of or- 
ganic isocyanates by reacting phosgene with 
a primary polyamine in the presence of an 
inert organic diluent wherein the initial 
chemical combination of the ipactants is per- 
formed by separately introducing liquid phos- 
gene and a solution of die primary amine in 
an inert liquid organic diluent into a tubu- 
lar reactor through which a stream of a 
mixture in the same inert organic liquid 
diluent of phosgene, and the initial reaction 
products resulting from interaction of phos- 
gene and primary amine is pacing continu- 
ously by re-circulation. 

A suitable fonn of apparatus in wliich to 
conduct the process for example comprises 
two cylindrical vessels interconnected by 
tubes so that the reaction mixture can be 
circulated continuously from one vessel to 
the other. Alternatively the apparatus may 
be in the form of a simple tubular reactor 
formed into a ring, round which the reaction 
mixture may be made to flow. The appara- 
tus is provided with entry ports to'mtro- 
duce the nsactants and with exit ports to draw 
off the reaction mixture or portions diexeof 
as may be desired. 

The tubular reactor may be in the f oim of 
a tube of any cross-section, for example it 
may be circular or polygpnal in cross-section, 
alternatively it may be a tapered tube for 
[Pr '-^-'.l 



example in the form of a conic frustum. 

The reaction mixture is agitated for ex- 
ample by means of stirrers which are de- 
signed to cause it to flow round the reac- 
tion circuit. The highly exotii^rmip nature of 
the reactions Involved also promotes drcu- 
latiozL 

The interaction In the tubular reactor is 
preferably within the temperature range from 
S**C to 50**C the temperature employed de- 
pends to some extent on the pressure. Usu- 
ally conditions are adjusted to introduce the 
phosgene into the reaction mixture at a tem- 
perature b^low the boiling poiqt of phosgene 
at the prevailing pressure. It is preferred to 
operate at or slightly above atmqspheric 
pressure. Usually from 5 mqls to 20 mols 
of phosgene are added to the drcplating 
stream of reaction nii^ure per mole of ^mino 
group present in the primary amine added 
thereto. The primary polyamine is prefer- 
ably introduced into the reactipn mixture as 
a solution in an inert diluent usually at a 
strength be^veea 2% by Wj^lght and 2&% by 
weight 

The operation of the improved process 
and its underlying prindpies are made d^r 
by considering the nature of the chemical 
reactions involved. 

The prior art reveals t}iat when phosgene 
and a primary amiae» Ofkionally in an inert 
solvent are brought together, the following 
reactions occur simidtaheously: 



1) — NHa+COQa 

2) — Npr^+HQ^ 

3) _NH:co.a 



4) 



-NHp+- 



-NCO 
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— NH.co.a-hHa 

-NHa-HO 

-NGO+Ha 

> — NH,eO.NH— 



Reactions (1) and (3) are fast and thus 
reactions (2) arid (4) making use of products 
of the initial reaptions can proceed concur- 
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lently. In a process for the manufacture of 
an isocyanate, reaction 2 is not undesirable 
as amine hydrochloride can be readily con- 
verted first into carbamyl chloride and then 
6 into an isocyanate at a subsequent stage. 
Reaction 4 however is most undesirable as 
substituted ureas once formed are converted 
only partially and then with some difficulty 
under conditions of high temperature to the 

10 desired isocyanate. 

Primary amine brought into contact with 
phosgene is thus seen to take part in three 
competitive reactions (1). (2) and (4). In the 
process of the present invention the last 

15 named reaction (4) is mim'mised by having 
present a very high concentration of phos- 
gene in the reaction zone to promote reaction 
(1) while the dissociation of carbamyl chlor- 
ide is limited by operating at a relatively low 

20 temperature. When a primary amine and 
phosgene are reacted together, the highly 
exothermic reaction usually results in the 
amine hydrochloride (reaction 2) being pro- 
duced in a coarse physical form which reacts 

26 subsequently with phosgene at an unsatis&c- 
tory rate: 



— NH^.HCl+CO 



► NHCOa+3Ha 



In the prior art processes to limit the 
formation of coarse partides and to provide 

30 some measure of control in the highly exo- 
thermic reaction, the primary amine is usu- 
ally dissolved in an inert solvent. Excessive 
dilution is undesirable however as the solvent 
must ulthnately be distilled from the iso- 

35 cyanate produced. It has now been found 
that formation of coarse particles can be 
minimised and good control of the reaction 
achieved, without recourse to excessive dilu- 
tion by re-circulating a proportion of the 

40 reaction mixture, which contains phosgene 
and solvent as well as precipitated material, 
to the reaction zone. 

By operating in the above manner very 
thorough mixing is obtained, the rapid re- 

46 moval of heat of reaction is facilitated, and 
the solid products of interaction are ob- 
tained in a satisfactory physical form for 
the reactions involved to be completed, if 
necessary by the application of external heat, 

60 in additional vessels provided for the pur- 
pose. The completion of reaction may be 
carried out continuously or discontinuously. 

Organic polyisocyanates of good purity are 
produced in excellent yield by use of the 

65 process. 

Suitable forms of apparatus in which to 
perform the reaction are shown in the accom- 
panying drawings. 
Diagrammatic sketches of suitable forms 

60 of apparatus for carrying out the process of 
the present invention are shown in the ac- 
companying drawings Figures 1 and 2. 
Referring to Figure 1 the apparatus com- 



prises a tubular reactor 3 and a vessel 8 
connected together by two tubes, an upper 65 
tube 7 and a lower tube 13. The tubular 
reactor 3 and the vessel 8 are both provided 
with stirrers 6 and 12 respectively. The 
tubular reactor 3 is also provided with an 
inlet 5 for the introduction of amine solu- 70 
tion and with an inlet 4 for liquid phosgene 
connected by a pipe 2 with a source of 
phosgene fnot shown) at 1. and a condenser 
14 carrying an outiet vent 15. The vessel 
8 carries a vent tube 9 connected to the 75 
pipe 2 and thus to the condenser 14. The 
vessel 8 is also provided with a side arm 
10 which connects with a further heated 
vessel 1 1 in which the phosgenation is com- 
pleted. ^ 

The apparatus shown in Figure 2 is simi- 
lar to that of Figure 1 with minor modi- 
fications. Thus, fn Figure 2 the reactor 3 
is not cylindrical but is in the shape of an 
inverted conic frustum and carries two inlets 85 
5 for the introduction of amine solution, 
additionally the lower tube 13 connecting 
the reactor 3 and the reaction vessel 8 is par- 
tially surrounded by a cooling jacket 16 
where it leaves the vessel 8. w 

When the apparatus is in use phosgene is 
introduced at 1 into the pipe 2 and flows 
down the pipe 2 to enter the tubular reac- 
tor 3 at the inlet 4 where it mixes with the 
circulating reaction mixture and flows up the 05 
reactor meeting a stream of amine dissolved 
in an inert solvent and introduced at the 
inlet 5. The amine solution and jjhosgene 
are thoroughly mixed with the reaction mix- 
ture by means of the stirrer 6 and the mix- 100 
ture passes out of the tubular reactor 3 via 
the upper tube 7 into the vessel 8. A 
proportion of the mixture flowing into the 
reaction vessel 8 is recirculated via the lower 
tube 13 to the tubular reactor 3. The re- lt>6 
mainder of the mixture flowing into the 
vessel 8 passes through the side arm 10 into 
the heated vessel 11 in which the phosgena- 
tion is completed. Phosgene volatilised by 
the heat of reaction passes out from the HO 
vessel 8 via the vent tube 9 and is lique- 
fied either in the condenser 14, or by means 
of a compressor fnot shown) and flows back 
as make-up phosgene to mix with the phos- 
gene supply entering at 1. It is found un- 115 
necessary to remove the small amount of dis- 
solved hydrogen chloride from the make-up 
phosgene before the phosgene is re-circulated 
to the apparatus. Waste gases, e.g. hydro- 
sen chloride leave the apparatus through 120 
the outlet vent 15. The phosgenation in- 
volved may be completed in the heated ves- 
sel 11 by heating to a suitable temperature 
with or without the addition of phosgene as 
desired. , 

For the single heated reaction vessel 11 
there may be substituted a number of heated 
reaction vessels operating at different tem-- 
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jjeratures. the reaction mixture flowing con- 
tinuously from one vessel to another. 

The above process details although re- 
lated to the apparatus of Figure 1 are equ- 

6 ally applicable to that of Figure 2. 

The stirrer in the tubular reactor 3 may be 
designed in a variety of ways, for example it 
may consist of a single blade of metal either 
with or without perforations, alternatively it 

10 may consist of four blades mounted on a 
shall forming the axis of rotation. 

If desired the apparatus may be operated 
at super atmospheric pressure. Suitable inert 
oiganic diluents for use in the process are 

16 any of those already, proposed for the manu- 
facture of organic isocyanates by phosgena- 
tlon methods for example hydrocarbons such 
as toluene and }^lene, halogenated hydro- 
carbons such as monochloro- and dicUoro- 

20 b^izenes. chlorotolu^e, trichlorofluoro- 
methane, ethers such as ethyl, butyl and 
hexyl acetates, and dimethyl and diethyl car- 
bonates. 

The process is useful for the manufacture 
25 of a wide variety of organic isocyanates but 
is especially useful for the manufacture of 
tolylene diisocyanate, in particular for the 
manufacture of mixtures of the 2,4- and 2,6- 
isomers. diphenylmethane-4,4^ -diisocyanate, 
30 3-methyldiphenylmethane- 4,4^- diisocyanate, 
m- and jT-phenylenediisocyanate, diphenyl- 
4,4^-diisocyanate and naphthalene-l,5-diiso- 
cyanate. 

The invention is illustrated by the follow- 
36 ing Examples — 

Example I 

In a small scale apparatus of the type 

shown in Figure 1 the volume of 3 is 

approximately 50 cc. and that of 8 is 

40 approximately 150 cc. The two agitators 
revolve at the rate of 600 and 300 r.p.m. 
respectively. 

The process is started by fiUing the reactor 
with monochlorobenzene. Liquid phosgene 

45 at I'^C. is added continuously to the bottom 
of 3 at the rate of 12 g./min. Through inlet 
5 a 10% wt./wL solution of the mixed 2,4- 
and 2,6-isomers of tolylene diamine dissolved 
in monochlorobenzene at 90° C is added con- 

50 tinuously. The liquid reaction mixture cir- 
culates through 7 to 8 and through 13 to 4. 
Excess reaction mixture overflows through 
10 to a further reactor of conventional de- 
sign (11) mamtamed at 90^*0. Here a slow 

55 stream of phosgene is passed continuously. 
This reactor has a volume of approximately 
2000 ca and has a top overflow. The crude 
isocyanate which flows from this reactor is 
degassed and then distilled under reduced 

w pressure by conventional methods. 

A yield of 96% of distilled tolj^ene diiso- 
cyanate based on the amount of tolylene di- 
amine fed to the first reactor is obtamed. 



Example 2 

The tolylene diamine solution of Example 65 
1 is replaced by an 8% wt/wt, solution of 
the mixed 2,4- and 2,6-isomers of tolylene 
diamine dissolved in ortho-dichlorobenzene, 
the remaining conditions being the same. 

A yield of 98.2% of distilled tolylene di- 70 
isocyanate based on the amount of tolylene 
diamine fed to the first reactor is obtained. 

Example 3 

This is carried out in the apparatus used 
in Example L The agitator in the tubular 75 
reactor 3 operates at 100 r.pjn. and that in 
vessel 8 at 300 r.p.m. 

The process is started as in Example 1 by 
filling the reaaor with ortho-dichlorobenzene. 
Liquid phosgene at 6*" — 7'*C is added con- 80 
tinuously to the bottom of 3 through the 
inlet 4 at the rate of 12 g./min. At the 
inlet 5 an 11.5% wt/wt. solution of tolylene 
diamine in orthodicUorobenzene at 90°C. is 
fed to the tubular reactor 3 continuously at 86 
the rate of 8.0 g./min. The tolylene diamine 
is a mixture of Isomers comprising approxi- 
mately 80'C. 2,4- 19.8% 2,6- and 0.2% 3.4- 
tolylenediamine. 

The fluid reaction mixture circulates 90 
through 7 to 8 and through 13 to 4. Excess 
reaction mixture overflows through 10 to a 
further reaction 11 of conventional design 
maintained at 90°C The excess phosgene 
which is evolved together with hydrogen 95 
chloride, is recovered and used together with 
fresh phosgene to feed to reaaor 3. 

A yield of 97% of distilled tolylene diiso- 
cyanate based on the amount tolylene di- 
amine fed to the first reactor is obtained. 100 

WHAT WE CLAIM IS :— 

1. A process for the manufacture of or- 
ganic isocyanates by reacting phosgene with 
a primary polyamine in the j^resence of an 
inert organic diluent wherein the initial 105 
chemical combination of the reactants is per- 
formed by separately introducing liquid phos- 
gene and a solution of the primary amine in 

an inert liquid organic diluent into a tubu- 
lar reactor through which a stream of a HO 
mixture in the same inert oiganic liquid 
diluent of phosgene and the initial reaction 
products resulting from interaction of phos- 
gene and primary amine is passing continu- 
ously by re-circulation. 115 

2. A process for the manufacture of 
organic isocyanates as claimed in claim 1 
wherein the material in the tubular reactor 
is maintained within the temperature range 

8" to 50** Q 120 

3. A process for the manufacture of or- 
ganic isocyanates as claimed in Claim 1 or 
Oaim 2 wherein the process is operated at 
or slightly above atmospheric pressure. 

4. A process for the manufacture of 125 
organic isocyanates as daimed in any of the 
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preceding claims wherein from 5 mols. to 
20 mols. of phosgene are added to the re- 
circulating stream of mixture per mole of 
amino group present in the primary amine 
added thereto. 

5. A process for the manufacture of 
organic isocyanates as claimed in any of the 
preceding claims wherein the inert organic 
diluent is monochlorobenzene or o-dichloro- 
benzene. 

6. A process for the manufacture or 
organic isocyanates as claimed in any of the 
preceding claims wherein the organic iso<gr- 
anate is a tolylene diisocyanate. 

7. A process for the manufacture of or- 



ganic isocyanates as claimed in Claim 6 
wherein the organic isocyanate is a mixture 
of the 2,4- and 2.6-isomers of tolylene di- 
isocyanate. 

8. A process for the manufacture of 
organic isocyanates substantially as herein- 
before described especially with reference 
to the Examples. 

9. Organic isocyanates whenever manu- 
factured by a process as claimed in any of 
the precedmg claims. 

BERTRAM F. DREW, 
Agent for the Applicants. 
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